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Analysis of stem wave due to a series of long

breakwaters at the entrance channel

Seong-Min Kwon

Department of Civil and Environmental Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

This study analyzed and investigated the characteristics of the stem wave
due to a series of long breakwaters at the entrance channel. The target
structures are 1800m and 900m long breakwaters located at the front of
Samcheok LNG production base of KOGAS, which had been constructed to
allow mooring stability at the berth of the LNG vessel for natural gas
supply in Gangwon and Yeongnam areas.

Under a certain condition, wherein the incident angle of waves is smaller
than a critical angle to the vertical breakwater or sea dike, waves
propagating along the front of the structures will be generated in addition
to incident waves and reflected waves which is defined as a stem wave,
and this causes maneuvering difficulty to the passing vessels and also it
may bring erosion of shoreline with additional damages to berthing facilities.

Thus, in this study, we have investigated the response of stem wave at
the vertical breakwater near the entrance channel and applied numerical
models which are commonly used for the analysis of wave response at the
harbor design. The basic equations composing models here adopted both the
linear parabolic approximation adding the nonlinear dispersion relationship

and nonlinear parabolic approximation adding linear dispersion relationship.
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In order to analyze the applicability of both models, we compared the
numerical results with the existing hydraulic model results.

The difference of the stem wave amplification along the vertical
breakwater is not significant and the regular wave model with non-linear
dispersion relation shows undulation, whereas the Boussinesq model shows
smooth response. In general the stem wave height increases at early stage
but becomes stable after about 8 wave length away from the structure tip.
The gap of serial breakwaters and aligned angle cause more complicate
stem wave generation and it was found a secondary stem wave form
through the breakwater gap. Although the clear development of stem wave
pattern did not appear, it was found a secondary stem wave form through
the breakwater gap. There might be a possible stem wave development at
the lee side of breakwaters through the gap depending on the incident wave
direction. This impact should be included in the analysis of waterway
tranquility near the breakwaters in the approaching channel.

Those analyzed results are to be applied to ship handling simulation study

at the approaching channel, together with the mooring test.
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Wave crest

(a) a>45° (b) 20°<a<45° (c) a<20°

Fig. 1.2 Reflection patterns of solitary wave(Perroud, 1957)
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Numerical Simulate of the Stem wave

CG-Wave ; regular wave model BOUSS-2D ; irregular wave model
L-N Type N-L Type

Examine applicability of models
; comparison with Laboratory Experiment Results

Application to Field Breakwaters
; Samcheok LNG Production Base

Confirm Characteristics of Stemm Wave in Field

Fig. 1.5 Schematic flow of research
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Fig. 2.10 Definition sketch of model domain
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2 (222)= ol@ste] Aelatyl A(2.23)% 2

. 2[ 0821 6’;;2 aaﬂ; fgz] (2.23)
B B (E i i
X
e oolA Hulgk 22 atm2ol A Hae A

B el Fge o
I % 2 e AA AN A F S HY, 4Ee w2 o)A A
2o 7 HE dojAt)
%q; +P + gz= constant (2.24)
$E SR (&R 93 ¢gH)e olgk o A oA FEAESIT 2 (2.15)
o] @9] A2 o] oA tiA HAL, AES A EW A (2252 AP Hh
P=—pgz+pgK(ne )7+ C (2.25)
A4 CE 7=09 u 002 3o Tho] FU)dA 7 2 o] (ne )9
AR Hi2d o dkEAslch
(2.26)
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Lo
]
0%,
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o
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geol AdA e,

8= arctan —2 (2.27)
g

o] W cosBE -l1oA] 17}x] Wslsela, IEAE TS Aoz Falr},

A=+ (2.28)

n=Kl[ne ™]=[x, cos o t+ 1, sin ot (2.29)

el QAo el Ads F a0 Aauks e gol gelw
R,= Ae Tetom00= 4 Zoeni”]n(kr) cosn(6—6) (2.30)

o714, A=71E
0,2 X%} o] YA
]_

J, = Al1E nA Besseld
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2 when n+() (23D
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.
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lo,
o2
lo,
ol
o%
o
=)
Ac)
o,
offl
rlo
o
>
>
§=)
o%
1o
o)

~
N
)
(e}
e

Neg= N;T N (2.32)

v - (avn)+bn=0 (2.33)
o714 a =CC,

b 5%024—1'014/—1— iC 0y

Mei(1994)E Sebiist T2EAM 4 23)3 F& FGeIrel 4 240 9
@ AARACRE 4 23)E Fr AL G WIS P dgsdE A2

Jepd uh el

Lrz o2 2104 — [ L z72
| 3@ (v’ —mAda~ [ Jazildst
1~ Mme - 0@ +a)]
( 1’Ls+rL1) ans_rL SH L |ds

(2.34)
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o
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e
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k2)
ot
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o)

A, Al FolAA FAR e @

el =M ofd Wi e WAANY FFAS v 2o (Nwogu,

+ gVvn+ un'V)un-Fw Vu, (2.38)
+ (20 = 1) [V (Ug,y VR (V' uy, ) Vh]

1
+ .y (Ethf = [V (Vo)
(g e h)+ (A1) V oy, | V)

TN Sy TRV
—0
w10 gt |z 1) 5| [ R (9, 90 (2.39)
(-
| g

A7 HA pe FERHAAM S e ovlsly we EdAe] AHEESE Y
eblth 123 YA ¥ Boussinesq WA A S Ab&sts AT 2, o A

oz RE At

z,+h=0.465(h+n) (2.40)

7H A g &AL A A
Boussinesq g 24e] digh FAFAA AL fEo] Aoy = FAld wel W

stst oS3 ZoH(Nwogu, 1993).

Q_L_2[1—(a+1/3)(k:h)2
BT 1l (2.41)
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2, =—0.535h0] st

A %ah 39 Ao S48,

1 (@)= a, cos(ky-a —w,t)+ ay cos (ky z — wyt) (2.42)

A7) 4 k=(kcosh, ksing)ol ™ pVe 25 g Aol 1x43S onsli, F 7y

o) spgo] gt et 2@ et 2
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2 )= + wy,w,,0,,0,)c08(2k T — 2w,t) (2.43)
2
2L G (g, ,.0,)c08 (287 — 2u)

+a,a, G+ (wy,w,,0,,0,)cos(2k,x — 2wit)

A7NA ky=ktkoln 33 A8 A=A 1539l Superharmonic
A% (wy =w, +w,) @ AF 3} subharmonic A% (w_ =w, —w,)°] F7HHO =
=

A 2% AY FEAEAF G,lwpunb,.0,)E e 2ok

A EE A

S o)
AN =

PN
= T

focs

fo

wywy(kyh)2cosAG 1 (a+1/3)(k,h)]

2\k, 'k, B’
w, [1—a(k,h)?] [wik, B(kh £ khcos AO)+w,k, h{khcos AO £ kyh)]
20k, k'

G (w,wy,0,,0,)= (2.44)

+

AN ky, K, N 22 B3 o)k, = |k k|, K =k 1—(a+1/3)(kn)?],

A= [1—-a(k,h) |- gk h[1—(a+1/3)(k hP] o1, AO=6,—0,0]t}.
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ok

L= Vk,+oV-V vk, (2.47)
l2 [ 9 2115 kiﬁ
4 t 8u) ov _CD .
c | oz 0z l

z=n t

71H B dREEAIUAL A4S el WReA At S 1,

Qex) erow 09 grow (2 YNEwHT &W Tew .
nl = (2.48)
o |

3 Bouss—2Do A G E Ct)=—n/| V| ZF-H T34, O, o= 4d

AREA 212 0029 028 AHEEh W) dolitREl fovnd AHga
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Fig. 2.2 Experimental setup for analysis of regular wave(Lee & Yoon, 2006)
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¥  SWL

A E ST ETIED

Fig. 2.3 Sectional view of experimental structure(Lee & Yoon, 2006)

Table 2.1 Hydraulic model experiment conditions under regular wave

Wave Condition Structure Condition

Period,  (sec) 0.9 Width, W (m) 0.6
Height, H (m) 0.03 Length, (m) 20
Incident angle (°) 10°, 19°, 28° Free board (m) 0.15
Water depth, A (m) 0.45 . Non-breaking wave
Relative amplitude, 4 /h 0.0333 . Non-wave overtopping
Relative depth, kh 2.284 - Uni-direction
Wave stiffness, kA4, 0.0762 - Regular wave
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Ao A AFEH AYTEE EYPY AYS F( ) 60m, 4ol 2000me= vk
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Table 2.2 Reflection coefficient according to target

Formation Reflection coefficient
Wall(crest on SWL) 07 ~ 1.0
Wall(crest under SWL) 05 ~ 0.7
Rubble(1:2~3 ‘slope) 03 ~ 06
Heteromorphy block 03 ~ 05
Natural coastal 0.05 ~ 0.2

it

Ao A8¥ dAg AP F71(D) 9sec, WIL(H ) 3mE L3 oH, ¢
Al 45m ZZANA ARl F717F 9secdl g, A EAAA A o 2 HE Aakw
g AE 1238TmE H=3me 2AGA w@AANkA)E 00762, ATdE
(e =A,/h)= 0033322 Lee and Yoon(2006)2] Atataa Hd3t 5AS 2=
t} olelo = dete] WMES FAe 7] ¢Sk 9 A4-(wave breaking parameter)
o} 3l 4] n} 2 Al 4= (friction parameter)S %83} th
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3} ATz ARGl d@ e P FEe
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o,
2
R=)
il
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Fig. 2.4 Numerical mesh of CG-WAVE for examination of applicability

Table 2.3 Numerical model experiment conditions under regular wave

CG-WAVE Model Condition Structure Condition
Target range (m) 3600 by 4200 Width, (m) 60
Element space (m) 15 Length, (m) 2000

Number of elements 85319 Free board (m) 15
Period, 7 (sec) 9 Wave breaking para. 0.15
Height, H (m) 3 Friction para. 0.12

Incident angle () 10°, 19°, 28°

Water depth, h (m) 45 . Uni-direction

Relative amplitude, 4 /h 0.0333 - Regular wave
Relative depth, kh 2.284 - Non-linear dispersion
Wave stiffness, kA4, 0.0762
- 33 -



Fig. 2.5 Wave height distribution of CG-WAVE,

3000

2500+

2000

e Wl

500 ooo 50 2000

=10°,8=19" (Unit : m)

2500

Fig. 2.6 Wave height distribution of CG-WAVE, 3=28" (Unit : m)

_34_

Collection @ kmou



o K e
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Fig. 2.7 Wave height distribution of CG-WAVE(detail), =10",3=19" (Unit : m)

Fig. 2.8 Wave height distribution of CG-WAVE(detail), =28 (Unit : m)
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Figs. 25~2.6
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Incident Wave

g=10°
4 — O O O Experimental Data (Lee et al., 2008)
---------- Numerical Results : REF/DIF S, 2008
Numerical Results : BOUSS-2D

x/L
Distance along the Structure

Fig. 2.9 Comparison of normalized wave heights along the breakwater( )

from regular wave models, 7=10"

5
Incident Wave
T N . p=10°
4 — O O QO Experimental Data (Lee et al., 2008)

---------- Numerical Results : REF/DIF S, 2008

Numerical Results : BOUSS-2D

\
4 6 8
y/L

Distance normal to the Structure
Fig. 2.10 Comparison of normalized wave heights perpendicular to the

breakwater(y) from regular wave models, 3=10"
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Incident Wave

T S c S ) o . p=19°

4 — QO QO O Experimental Data (Lee et al., 2008)
---------- Numerical Results : REF/DIF S, 2008
7 Numerical Results : BOUSS-2D

0 4 8 12 16 20
x/L

Distance along the Structure

Fig. 2.11 Comparison of normalized wave heights along the breakwater( )

from regular wave models, =19

5
i Incident Wave
7 O\ - e p=1%
4 — ENCHS A0 S ... _|O O QOExperimental Data (Lee et al., 2008)
oY S\, Al Numerical Results : REF/DIF S, 2008
7 Numerical Results : BOUSS-2D

0 \ \ !
0 2 4 6 8

Distance normal to the Structure
Fig. 2.12 Comparison of normalized wave heights perpendicular to the

breakwater(y) from regular wave models, 3=19°
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5
Incident Wave
4 L L i L | = 28°
4 — O O QExperimental Data (Lee et al., 2008)
---------- Numerical Results : REF/DIF S, 2008
T Numerical Results : BOUSS-2D
° 3 P! P I | | XTI [SETSCP S [EPNT PP R L = = = = == = F == —= =
I
o i o
L e PR teor ©00.2.2020 7 9 %0 0 e
:2 4{5}0“)&) 0 ST R e e 0000005000000000
i 68 > -
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0 | | | |
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x/L

Distance along the Structure

Fig. 2.13 Comparison of normalized wave heights along the breakwater( )

from regular wave models, 7=28"

5
] Incident Wave
2 o R N o — — = 28°
4 — LI\ Lo~ _|0O O OExperimental Data (Lee et al., 2008)
" ' 10ALK O M- Numerical Results : REF/DIF S, 2008
7 ; ) Numerical Results : BOUSS-2D

4
y/L
Distance normal to the Structure

Fig. 2.14 Comparison of normalized wave heights perpendicular to the

breakwater(y) from regular wave models, 3=28"
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Fig. 2.15 Experimental setup for analysis of irregular wave(Lee & Yoon,

2008)
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T ¥  wwWl

Fig. 2.16 Sectional view of experimental structure(Lee & Yoon, 2008)

Table 2.4 Hydraulic model experiment conditions under irregular wave

Wave Condition Structure Condition

Period,  (sec) 0.9 Width, W (m) 0.6
Significant height, /£, (m) 0.03 Length, (m) 20
Incident angle ( °) 10°, 19°, 28° Free board (m) 0.15
Water depth, A (m) 0.45 - Non-breaking wave
Relative sig. height, H,y/h 0.0667 . Non-wave overtopping
Relative depth, kh 2.284 - Uni—direction
Wave stiffness, kA, 0.1522 - Irregular wave

AYFrE Wi Ave] 48 9% Boussinesq WA A mEe] A8y

AEE flal &3 Lee and Yoon(2008)9] ] 31 FAEDAF ] A% 7
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A A¥kel Boussinesq A A A mde] Axt
Aol 21 v ZtH(Table 25).

92 7F= 36000m, M= 42000m, €A ( ) 4b5me] AAZE S
Z Fejoln], Azl A7]= 7FE 10m, A2 10m= & 151200709 A= 4
Hol o, QFEAA A= WAL AAE 93 % 100me| damping layer
= 485kl th(Fig. 2.17).
Aol A A A"TEs 2P Ak F( ) 60m, Zo] 2000me]™, #
AT 25 AN Z 5me damping layerE 2830 ZH A Y FLFE A9
o =] 24kS all A sk

Ao AeE A AL FAD see, FOTIH) 3mE A 4590

il

Wi AEsom, £A R

El

|

W

H, 4 45m A AR F=717F OsecS] AT, A@EATEA A o2 HH

A o9y L 1238Tm= Hy=3mSl Z7elA F ANk H,)E 0.1522,
Aol 3har(e, = Hy/h)E 0.06672.2 Lee and Yoon(2008)¢] Al@tda &<
s 5A4S 2t AXE AIIHA(time step) 0.2secs A 8319 aL, ®EE
JONSWAP =9E"® 9 Fu4 AHEH HAF537|5(Peak enhancement
parameter) vy 339 S A&, AH gz Wi RdS 9 ot

AAASG 7kl Smagorinsky number 2 dheholl A x] o] WFEFE E A= (directional

spreading function) o, & %83} t}.
Aol APF2Ed YALgEo] o] F= ZHB)2 10° 19°, 28° oy, AT+
B3 QJAtgEol oF] WAshs Aute] EAS AYFERES] dold uE w
=

H
ATzl WAl et vare) 2o FE&
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Fig. 2.17 Numerical mesh of BOUSS-2D for examination of applicability

Table 2.5 Numerical model experiment conditions under irregular wave

CG-WAVE Model Condition

Structure Condition

Target range (m) 3600 by 4200 Width, (m) 60
Element size (m) 10 by 10 Length, (m) 2000
Number of elements 151200 Free board (m) 15
Period, 7 (sec) 9 Spectrum JONSWAP
Height, H (m) 3 Smagorinsky Num. 0.02
Incident angle ( °) 10°, 19°, 28° Shape parameter, 7y 3.3
Water depth, h (m) 45 Dir. dispersion angle 10° ~ 30°
Relative amplitude, H O/ h 0.0667 - Non-wave run up
Relative depth, kh 2.284 * Uni~direction
- - Irregular wave
Wave stiffness, k. 0.1522 - Linear dispersion
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Fig. 2.18 Wave height distribution of BOUSS-2D, =10°,5=19" (Unit :

2000 2500

Fig. 2.19 Wave height distribution of BOUSS-2D, =28 (Unit : m)
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Fig. 2.20 Wave height distribution of BOUSS-2D(detail), =10",3=19"°
(Unit : m)
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Fig. 2.21 Wave height distribution of BOUSS-2D(detail), 5=28"° (Unit : m)
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O O O Experimental Data (Lee et al., 2008)
---------- Numerical Results : REF/DIF S, 2008

Incident Wave
g=10°

Numerical Results : BOUSS-2D

x/L

16 20

Distance along the Structure
Fig. 2.22 Comparison of normalized wave heights along the breakwater( )

from irregular wave models, 5=10"

5
Incident Wave
B oy o i = o g=10°
4 — O O O Experimental Data (Lee et al., 2008)

---------- Numerical Results : REF/DIF S, 2008
Numerical Resuits : BOUSS-2D

y/L

\
6

Distance normal to the Structure

Fig. 2.23 Comparison of normalized wave heights perpendicular to the

breakwater(y) from irregular wave models, 5=10"
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Incident Wave
p=19°
QO QO O Experimental Data (Lee et al., 2008)
---------- Numerical Results : REF/DIF S, 2008
Numerical Results : BOUSS-2D

x/L

16 20

Distance along the Structure

Fig. 2.24 Comparison of normalized wave heights along the breakwater( )

from regular wave models, 3=19°

5
4 ‘ Incident Wave
T=m == = - R N =% p=19
4 = O O O Experimental Data (Lee et al., 2008)

---------- Numerical Results : REF/DIF S, 2008
Numerical Results : BOUSS-2D

y/L

\
6 8

Distance normal to the Structure

Fig. 2.25 Comparison of normalized wave heights perpendicular to the

breakwater(y) from regular wave models, 7=19°
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incident Wave
il - f=28°
4 — O O O Experimental Data (Lee et al., 2008)
---------- Numerical Results : REF/DIF S, 2008
l Numerical Results : BOUSS-2D
T e e S R
T
= 0
L ORI 5o ter ©06.0..48000 0 2000 i)
T2 d)oméb opFIBFT Sa0. 2. F005. [ LL0E, 0 50 06T 0O, T 000050
i 68 ’ 3 e i
1
0 | | | |
0 4 8 12 16 20
x/L

Distance along the Structure
Fig. 2.26 Comparison of normalized wave heights along the breakwater( )

from regular wave models, 3=28"°

5
‘ Incident Wave
7 A A\ .. @ . p=28°
4 — AMSPT Ty Sl O O O Experimental Data (Lee et al., 2008)
R NS M-I T Y o, | C SRR Numerical Resuits : REF/DIF S, 2008
7 Numerical Results : BOUSS-2D

Distance normal to the Structure

Fig. 2.27 Comparison of normalized wave heights perpendicular to the

breakwater(y) from regular wave models, 3=28"
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3.2 Wi e =2

3.2.1 71 &34

A ge 150m ~ 25.0m el Hlmd 72& F4 BXE A5t 9
tH(Fig. 3.2). o] X992 30d7te] 7] EAAE(1981 ~ 2010, &%) AdFk

A= B0 gstd, FEEe dFF 1,119mmEA 1290 334mm=E H A

y

Yo 208.8mm= HXE Rt AFH 7|22 126°ColH Hi 7]
£ 272°Co| 3, HA & ALV 190 -32°CE et gt}
A8 Wiakel $AsA deta g
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rlo
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Fig. 3.1 Location map of object area
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Table 3.1 Design waves of deep and shallow water for the object area

Deep water design wave
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<

A breakwater

B breakwater

Fig. 3.3 Counter and water facilities of samcheok LNG production base
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YA T2ES AH ING AN 2RE Adoz o 10km Zold X
g ooleky AR HEdHuARA, falmHEH YAbsts g e mHEH LNG
A7 A o] ARiAIE BE 8 AL gHE 54 0% st 4ol 1.8kme] W
A (A breakwater) ¢t A3 2R 719 FAlAL B Adute] BT
gHHH S BExo g k= Zo] 900me HWutA|(B breakwater)® T4 H
21 tH(Fig. 3.3).

2 a4

Fig. 3.4 Long and serial breakwaters at object area

3.3.1 A breakwater

A2 1l 59 WEAl(A breakwater) = F Aol 900me] AFE H3)
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Fig. 3.6 Numerical mesh of CG-WAVE under regular wave condition

Table 3.2 Numerical model experiment conditions under regular wave

CG-WAVE Model Condition

Target range (m)

2500 by 5000

Element space (m) 10

Number of elements 244,433
Wave breaking parameter 0.15

Friction parameter 0.12

Boundary condition

parabolic approximation

Open boundary

Semicircular

Reflection coefficient

0.5(A) / 0.95(B)
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Fig. 3.7 Numerical mesh of BOUSS-2D under irregular wave condition
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Table 3.3 Numerical model experiment conditions under irregular wave

BOUSS-2D Model Condition

Target range (m)

2500 by 5000

Element space (m) 10
Number of elements 125,000
Spectrum JONSWAP
Peak enhancement parameter, 3.3
Smagorinsky number 0.02
Direction dispersion angle, o 10°~30°

Damping layer

100m(outside) / 5m(breakwater)

343 BA e 74

b WA s QLS AW $2 A
4o, gake] Qe 47 2T (Table 34).
Y BEYsAG Aol ot YAt

gt BF3H7] fste] WaAE F 3 FIHSTATION A,

o™ o]& Table 3.5 A& sttt

Table 3.4 Wave conditions of incidence waves

24 5} =
LA B ol
st @& Adsge

(B)= oAl o] mjA 7=

re

o

o]

B, O &3

Wave Direction 350°(N) 12°(N) 127°(S) 160°(S)
Wave Height, (m) 3.0 3.6 2.8 3.0
Wave Period, 7{sec) 109 10.9 10.9 10.9
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Fig. 3.8 Considered wave direction for evaluation of stem wave

Table 3.5 Incident angle() according to station of breakwater

Wave Direction 350°(N) 12°(N) 127°(S) 160°(S)
at STATION A 13° 35° 53° 20°
B at STATION B 25° 47° 18° -
B at STATION C 12° 30° -
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Unit : m

035

Fig. 4.1 Wave height distribution of CG-WAVE, wave direction = 350°(N)
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Fig. 4.2 Wave height distribution of CG-WAVE, wave direction = 12°(N)
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Unit : m

Fig. 4.3 Wave height distribution of CG-WAVE, wave direction = 127°(S)
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Unit : m

035

Fig. 4.4 Wave height distribution of CG-WAVE, wave direction = 160°(S)
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Unit : m

500 1000 1500

Fig. 4.5 Wave height distribution of BOUSS-2D, wave direction = 350°(N)
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Unit : m
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500 1000 1500

Fig. 4.6 Wave height distribution of BOUSS-2D, wave direction = 12°(N)
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Unit : m
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Fig. 4.7 Wave height distribution of BOUSS-2D, wave direction = 127°(S)
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500 1000 1500

Fig. 4.8 Wave height distribution of BOUSS-2D, wave direction = 160°(S)
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Fig. 4.9 Relative wave height of distance along the structure,
wave direction = 350°(N)
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Fig. 4.10 Relative wave height of distance normal to the structure,

wave direction = 350°(N)
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Fig. 4.12 Relative wave height of distance normal to the structure,

wave direction = 12°(N)
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Fig. 4.13 Relative wave height of distance along the structure,

wave direction = 127°(S)
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Fig. 4.14 Relative wave height of distance normal to the structure,

wave direction = 127°(S)
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Fig. 4.16 Relative wave height of distance normal to the structure,

wave direction = 160°(S)
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Fig. 4.17 Relative wave height of distance along the structure,

north series
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Fig. 4.18 Relative wave height of distance normal to the structure,
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